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Deep venous thrombosis (DVT) of the lower
extremity is a prevalent disease, yet distressingly, lit-
tle is known about the anatomy of the process.1
Previously, the mainstay of therapy for acute DVT
was anticoagulation alone.2 Heparinization followed
by long-term oral warfarin therapy was directed at
preventing thrombus propagation, rethrombosis,
and pulmonary embolism.3 The precise extent and
anatomic configuration of the thrombotic process
carried little weight in this paradigm. Patients were
treated with a similar regimen, regardless of the pre-
cise anatomy of the process.
The anatomy of deep venous thrombosis
of the lower extremity
Kenneth Ouriel, MD, Richard M. Green, MD, Roy K. Greenberg, MD, and
Daniel G. Clair MD, Cleveland, Ohio, and Rochester, NY
Background: The diagnosis, treatment, and long-term sequelae of lower extremity deep
venous thrombosis (DVT) depend on the anatomic location and extent of the process,
yet a lack of such fundamental knowledge has limited the development of effective pro-
tocols for managing patients with DVT.
Methods: Venograms with evidence of acute DVT were evaluated, and the extent of the
thrombotic process was recorded and correlated with the clinical presentation. Thrombi
were classified according to the venous segments involved and to the thrombus’ isola-
tion to one segment or multiple segments. The left-to-right ratio of the DVT was
assessed for various etiologic subgroups.
Results: Among 2762 venograms performed in 2541 patients over a 10-year period,
there were 885 cases (34.8%) of DVT documented. Of these cases, 344 cases (39%)
were idiopathic, 307 cases (35%) were postoperative, 84 cases (10%) occurred in the
setting of malignancy, and 70 cases (8%) occurred as the result of trauma. Distal
thrombi were more common than proximal thrombi, with calf involvement in 734
patients (83%), femoropopliteal involvement in 470 patients (53%), and iliac involve-
ment in 75 patients (9%). The most common site of thrombus was the peroneal vein,
which was involved in 595 patients (67%). The ratio of left-to-right–sided DVT was
1.32:1 overall but was greater for proximal thrombi, with a ratio of 2.4:1 for iliac
DVT versus 1.3:1 for infrainguinal DVT. The preponderance of left-sided DVT
appeared to be related to the high-frequency, left common iliac vein involvement; the
left-to-right ratio was much closer to equality (1.09:1) for isolated infrainguinal
DVT. The anatomic configuration of the DVT was correlated with the etiologic sub-
group; postoperative DVTs were more often distal, whereas DVT developing in the
setting of malignancy was more frequently proximal and often right sided. Proximal,
left-sided DVTs were common in the idiopathic subgroup, presumably as a result of
undiagnosed left iliac vein webs.
Conclusions: The frequency of distal vein involvement greatly exceeds that of proximal
involvement in patients with DVTs. Proximal DVTs are more frequently left sided,
whereas distal DVTs occur with a more equal left-to-right distribution. The anatomic
extent of DVTs appears to depend on the etiology of the process. These observations
may shed light on the pathophysiology of venous thrombosis. The findings are of value
in planning therapeutic interventions directed at venous recanalization. (J Vasc Surg
2000;31:895-900.)
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By contrast, the treatment of DVT differs con-
siderably from the standard treatment in use just a
decade ago. Contemporary management may
involve the use of modalities directed at removal of
the thrombus and recanalization of the normal
anatomic pathways. When successful, these inter-
ventions will restore normal venous hemodynam-
ics, will diminish the early problems of leg edema
and pain, and may limit the development of long-
term postthrombotic sequelae.4-7 The use of such
modalities as catheter-directed thrombolytic ther-
apy and mechanical thrombectomy devices
requires knowledge of the precise anatomy of the
pathologic process, specifically with regard to the
appropriate venous access site and the choice of
device.8-10 The present investigation was under-
taken to provide anatomic information on which
to base therapeutic decisions in patients with lower
extremity DVTs.
METHODS
Over a 10-year period ending in 1998, 2762
lower extremity venograms were performed in 2541
patients, comprising all studies of sufficient technical
quality to allow accurate interpretation of the pelvic
and infrainguinal venous segments. Venograms were
performed for symptoms suggestive of lower
extremity DVT or as part of postoperative orthope-
dic screening protocols. Over the same period of
time, 639 additional venograms were performed,
but were limited to the infrainguinal segments
alone. The initial venogram was used in patients
with multiple serial studies. Among these studies,
885 (34.8%) were thought consistent with acute
DVT; this subset was used to analyze the anatomic
distribution of thrombosis. There were 93 DVTs
(10.5%) that were known to be recurrent, although
this likely represented only a subset of the recurrent
thrombi because of a high rate of previous asympto-
matic events. The thrombi were grouped into 11
distinct anatomic segments comprising the inferior
vena cava, common iliac vein, hypogastric vein,
external iliac vein, common femoral vein, profunda
femoral vein, superficial femoral vein, popliteal vein,
anterior tibial vein, posterior tibial vein, and pe-
roneal vein. Paired veins, as normally found in the
popliteal and calf segments, were analyzed as a sin-
gle vein, and when thrombus was detected in either
or both veins, the data were entered as though it
occurred in a single segment. However, when the
anterior and posterior tibial segments contained
thrombus, the presence or absence of thrombus in at
least one of the four veins was recorded to document
the availability of a calf vein access site for percuta-
neous intervention.
For descriptive purposes, the term proximal
implied a central (cranial) location, whereas the term
distal implied a peripheral (caudal) location. Isolated
DVTs were defined as those confined to a single
anatomic region (segment or group of contiguous
segments), without propagation to proximal or dis-
tal regions. Thrombus within the gastrocnemius,
soleal, or superficial vein was not included in the
data analysis. Data on the hypogastric vein and the
profunda femoral vein involvement were not likely
to be accurate because of the failure to uniformly
visualize these segments. The left-to-right ratio was
calculated by dividing the number of patients with a
left-sided process by the number of patients with a
right-sided process, or by the number of thrombus-
containing segments on the left by the number on
the right, as specified. Continuous variables were
expressed as the mean ± SD. Differences between
frequencies of dichotomous variables were tested
with χ2 analysis. Significance was assumed when the
2-tailed P value was less than .05.
RESULTS
Demographics. There were 456 DVTs in male
patients (51.5%) and 429 DVTs in female patients
(48.5%) in the 885 patients studied. The patients’
ages ranged from 5 to 100 years, averaging 58.9 ±
18.5 years; 739 patients (83.5%) were symptomatic.
Thirty-one patients (3.5%) had pulmonary emboli
documented by high-probability lung scan (18
patients), pulmonary angiography (10 patients), or
dynamic computed tomography (3 patients). The
etiologic diagnoses thought to account for the
venous thromboses are listed in Table I. The most
common etiology was the postoperative state, pres-
ent in 307 cases (34.7%), followed by malignancy in
84 cases (9.5%) and trauma in 70 cases (7.9%). No
etiologic process was identified in 344 cases (38.9%),
and these were deemed “idiopathic.”
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Table I. Etiologic diagnoses associated with DVTs
Etiology Patients Percentage
Idiopathic 344 38.9%
Postoperative 307 34.7%
Malignancy 84 9.5%
Trauma 70 7.9%
Hypercoagulability 36 4.1%
Neurologic disorder 22 2.5%
Prolonged immobilization 22 2.5%
TOTAL 885 100.0%
Distribution of thrombi. Overall, the frequen-
cy of DVT increased from the proximal to the distal
venous segments (P < .001), as depicted in Fig 1.
Inferior vena caval DVTs were documented in 13
patients (1.5%), iliac DVTs were documented in 75
patients (8.5%), femoropopliteal DVTs were docu-
mented in 470 patients (53.1%), and calf DVTs were
documented in 734 patients (82.9%). The most
common single venous segment containing throm-
bus was the peroneal vein, with involvement in 595
patients (67.2%). Isolated iliac DVTs were found in
14 patients (1.6%), isolated femoropopliteal DVTs
were found in 110 patients (12.4%), and isolated calf
vein DVTs were found in 307 patients (34.7%).
Involvement of right- versus left-sided lower
extremities. The DVTs were more commonly on
the left side, with a left-to-right ratio of 1.32:1, cal-
culated as the number of left- versus right-sided seg-
ments containing thrombus (P < .001). There was a
preponderance of left-sided DVT in proximal com-
pared with distal venous segments (P < .001), with
the left-to-right ratio decreasing from 2.50:1 in the
common iliac segment to 1.26:1 in the calf veins
(Fig 2). In fact, the overall predominance of left-
sided DVTs appeared to be driven by the presence of
left proximal vein involvement. When infrainguinal
thrombi were unaccompanied by iliac involvement,
the ratio of left-to-right involvement was 1.09:1, a
ratio significantly less than that of iliac DVT (P <
.001). The left-to-right ratio continued to fall with
more distal involvement, to the point where isolated
calf vein DVTs were more commonly right sided
than left sided (left-to-right ratio, 0.94:1; P = .034).
Contiguity of the thrombi. The contiguity of
the thrombi attains importance when planning the
route of venous access for percutaneous thrombolyt-
ic therapy or mechanical thrombectomy. The pres-
ence of thrombus in one segment was highly corre-
lated with thrombus in the distal (more peripheral)
adjacent segment. Iliac thrombi were encountered
in continuity with femoropopliteal thrombi in 61
(81.3%) of 75 patients with iliac DVT. Similarly,
superficial femoral DVTs were contiguous with
popliteal DVTs in 230 (74.4%) of 309 patients, and
popliteal DVTs were contiguous with calf vein DVTs
in 319 (85.5%) of 373 patients. The converse was
not observed; thrombus in one segment was less
well correlated with the presence of thrombus in the
proximal (more central) adjacent segment.
Superficial femoral thrombi were associated with
extension to the iliac level in 50 (16.2%) of 309
cases, popliteal thrombi extended to the superficial
femoral level in 230 (61.7%) of 373 cases, and calf
vein thrombi extended to the popliteal level in 319
(43.5%) of 734 cases.
The concurrence of popliteal thrombus with
iliofemoral DVT attains clinical relevance, given the
widespread use of the popliteal access site for major
proximal DVT. Iliac thrombi were encountered in
the presence of popliteal DVTs in 59 (78.7%) of 75
patients. Whether the calf veins are a more appropri-
ate access site depends on the frequency of concur-
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Fig 1. Distribution of thrombus in venous segments. The frequency of thrombi in the
hypogastric and profunda femoris veins may be underestimated by the venographic technique.
rent calf vein and iliac involvement. Calf thrombi
were present in 36 (48.0%) of 75 patients with iliac
DVTs, but in only 14 patients (18.7%) were all four
anterior and posterior tibial veins unavailable for
access.
Relationship between etiology and anatomic
distribution (Table II). The DVTs developing in
the postoperative period were more likely to be dis-
tally located, with involvement confined to the calf
veins in 198 (64.5%) of 307 postoperative patients
versus 199 (34.4%) of 578 nonpostoperative
patients (P < .001). An iliac location for the DVTs
was uncommon in postoperative patients and was
documented in only 11 (3.6%) of 307 postoperative
DVTs versus 64 (11.1%) of 578 DVTs of other eti-
ologies (P < .001). The femoropopliteal site was also
less frequent when the etiology was thought to be
the postoperative state, which was present in 103
postoperative patients (33.6%) versus 367 patients
(63.5%) who had DVTs of alternative etiology (P <
.001). By contrast, the infrageniculate location was
more frequent in patients with postoperative DVTs,
with calf vein involvement in 273 patients (88.9%)
versus 461 patients (80.8%) with DVTs of other eti-
ology (P = .002). The left-to-right ratio did not dif-
fer significantly between postoperative and nonpost-
operative DVTs (1.09 vs 1.35; P = .097).
The DVTs that occurred in the 84 patients with
malignancy were more commonly proximal, with
iliac thrombi in 15 patients (17.9%), contrasted with
60 (7.5%) of 801 patients with DVTs from other
causes (P = .001). The DVTs in patients with malig-
nancy were more frequently extensive; an isolated
calf vein process was observed in only 16 (19.0%) of
these patients versus 381 (47.6%) of those with non-
malignant etiologies (P < .001). The DVTs related
to malignancy were also more frequently on the
right, with a left-to-right ratio of 0.69:1 versus
1.34:1 in patients without malignancy (P = .007).
The overall right-sided predominance in patients
with malignancy was a result of a preponderance of
right-sided calf vein DVTs in this subgroup, which
was more frequent than left-sided calf DVTs by a
factor of 2.1 (P < .001).
Among 70 patients with DVTs thought to be
traumatic in origin, there were no differences in the
anatomic distribution compared with patients with
DVTs of nontraumatic etiology, with a similar fre-
quency of iliac, femoropopliteal, and calf vein
involvement. There were also no differences in the
left-to-right distribution of thrombi, with a ratio of
1.16:1 in traumatic DVTs compared with 1.26:1 in
nontraumatic cases (P = .631).
The anatomic distribution of DVTs in patients
with an idiopathic etiology differed considerably
from that of the other diagnostic subgroups.
Patients with idiopathic DVTs had a high frequen-
cy of femoropopliteal involvement, which was pres-
ent in 208 (60.5%) of 344 patients, compared with
262 (48.4%) of 544 patients with other etiologies
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Fig 2. The left-to-right ratio of thrombus within various segments.
(P < .001). There was a lower frequency of any calf
vein involvement (77.6% vs 86.3%; P < .001) as
well as isolated calf involvement (37.2% vs 49.7%;
P < .001) in the idiopathic subgroup. Patients with
idiopathic DVTs comprised the diagnostic sub-
group with the highest frequency of left-sided
involvement (P < .001), with an overall left-to-right
ratio of 1.63:1. Idiopathic common iliac DVTs were
left-sided in 21 (84.0%) of 25 cases, with a left-to-
right ratio of 5.25:1, lending speculation to a high
rate of undetected left iliac vein stenotic lesions in
many of the idiopathic cases.
DISCUSSION
Lower extremity DVT is an entity responsible
for great costs to society in the form of lost pro-
ductivity. Despite the magnitude of the problem,
precise knowledge of the anatomic distribution of
DVT remains obscure. The present investigation
sought to better define the anatomy of lower
extremity venous thrombosis so that this informa-
tion could be used as a rational basis in designing a
treatment for patients with DVT. The anatomic
configuration of a large number of patients with
acute DVT was evaluated, and several caveats were
gleaned. In general, DVT tended to occur more
often in the left lower extremity than the right, by a
ratio of 1.32:1. However, the ratio of left-to-right
thrombi equalized as the location progressed distal-
ly. Iliac DVTs were relatively uncommon,
femoropopliteal DVTs were somewhat more com-
mon, and calf vein DVTs were the most prevalent,
with a relative frequency ratio of 1:6:10, respectively.
There were three diagnostic subgroups that
accounted for more than 50% of lower extremity
DVT: the postoperative state, malignancy, and trau-
ma. The diagnosis remained obscure in almost 40%
of patients. However, most patients were seen
before the routine practice of checking a complete
hypercoagulability profile, and in addition, the infre-
quent use of thrombolysis or thrombectomy did not
provide the opportunity to uncover the left iliac
stenotic lesions of the May-Thurner syndrome. In
addition, it should be noted that the concurrence of
pulmonary embolism with lower extremity DVT was
likely higher than estimated by the present analysis;
only patients with a high suspicion for emboli were
evaluated with specific diagnostic techniques direct-
ed at the pulmonary vasculature.
The etiologic groups differed remarkably with
respect to the anatomic configuration of the associ-
ated venous thrombi. Although postoperative DVT
had a greater frequency of distal involvement, DVTs
associated with malignancy were more frequently
proximal and right sided. Traumatic DVTs were sim-
ilar to nontraumatic DVTs, both in location and left-
to-right distribution. The idiopathic subgroup was
quite different from the other subgroups, with a
high frequency of femoropopliteal involvement and
left-sided thrombi. Idiopathic common iliac throm-
bi were left sided in more than 80% of the cases, sug-
gesting the presence of an undetected left iliac
venous web, as seen in the May-Thurner syndrome.
A previous DVT was not evaluated as a separate fac-
tor in the present study because of the inability to
accurately determine whether the first symptomatic
episode truly represented a primary event or
occurred in the setting of previous asymptomatic
DVT.
The recent interest in percutaneous pharmaco-
logic thrombolysis and mechanical thrombectomy
for DVT raises questions relating to the most appro-
priate access site for venous cannulation.5,6,9,11,12
The popliteal vein has gained popularity as the pref-
erential site for venous access. The most common
setting where thrombolytic intervention is enter-
tained, however, is iliofemoral DVT, an entity that
appears to be accompanied by popliteal involvement
in most cases. Thus, access to the venous circulation
at the popliteal level does not allow removal of
thrombus at the catheter insertion site. Although
the femoral and iliac systems can be readily cleared
of thrombus through the popliteal approach, the
failure to adequately clear the popliteal vein may
result in rethrombosis of the femoral segment
because of impaired inflow from below. This suppo-
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Table II. Characteristics of DVT by etiologic subgroup
Etiologic Left-right Iliac Femoropopliteal Calf vein 
subgroup Patients ratio involvement involvement involvement
Idiopathic 344 1.63 34 (9.9%) 288 (60.5%) 267 (77.6%)
Postoperative 307 1.09 11 (3.6%) 103 (33.6%) 273 (88.9%)
Malignancy 84 0.69 15 (17.9%) 66 (78.6%) 66 (78.6%)
Traumatic 70 1.16 5 (7.1%) 33 (47.1%) 61 (87.1%)
sition may explain the relatively low midterm paten-
cy rates achieved with thrombolysis of the femoral
vein when performed through the popliteal
approach.9 By contrast, the present findings would
suggest that a more distal site for venous access such
as the calf, soleal, or superficial vein might allow
more effective clearing of popliteal thrombus and
improved patency of the femoropopliteal segment.
The question of whether DVTs begin proximal-
ly and propagate distally or the reverse remains
unanswered. It is probable that both scenarios
occur, but the present findings would suggest that a
distal-to-proximal progression is more common.
Although distal thrombi were commonly found in
isolation, proximal thrombi were usually found in
association with contiguous caudal occlusions.
Although the May-Thurner syndrome is clearly an
exception, one might surmise that a tightly stenotic
iliac venous lesion might predispose the distal veins
to dilation, stasis, endothelial hypoxia, and subse-
quent thrombosis even in the absence of iliac vein
occlusion. Such a pathophysiologic mechanism
would also explain the slightly greater frequency of
left-sided femoropopliteal DVTs occurring without
iliac venous thrombosis.
In conclusion, knowledge of the anatomic fea-
tures of lower extremity DVT can be instrumental in
planning therapy, especially with regard to percuta-
neous extirpative treatments such as pharmacologic
thrombolysis and mechanical thrombectomy.
Differences in the anatomic distribution of DVT
associated with varying etiologic processes as well as
differences in the ratio of left- to right-sided throm-
bi can provide insight into the pathophysiology of
venous thrombosis. It is only through the acquisi-
tion of such knowledge that improvements in the
therapy of this disabling disease can be affected.
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